The chromophotic index is made up of three factors-the candlepower of the lamp, the surface brightness of the coal, and the colour relief. We cannot alter the surface brightness to any extent, but we can alter the colour relief by passing the posts through a light
Miners' Lamp Committee.-At the present moment there is, sitting in London, a Committee to inquire into the improvement of the miners' lamp. Let us assume for the moment that they will decide that, although the lamps of the present day show great improvement, the standard reached is not sufficient for them to recommend the general introduction of any one lamp. What will they do? Will they leave the future of the lamp in the hands of manufacturers, laying down a standard to be aimed at, or will they throw the onus on the coal industry ? This brings up the question of research and the advisability or otherwise of apportioning a sum of money for this end.
I hope it will be the privilege of this meeting, which Mr. Gaster has striven to make as representative as possible, after pointing out the urgent need for increased illumination in our coal mines, to indicate the methods for obtaining this end. I myself am full of hope, as the coalowners, who, as a class, have always the best interest of their employees at heart, now realise the importance of the question. I think that in this twentieth year of the twentieth century the long continued supremacy of the farthing dip will be finally ended. (7) Elworthy.-Ophthalrmosfope, Vol. X, p. 688.
(8) Dransart.-Bull. de la Soc. belg. d'Opktal., September, 1910. (9) Ohnc.Arch. Ophthal., Vol. XCI., p. 157.
(IO) Lancaster. -Ophthalmoscope, Vol. XIII, p. 390.
(ii) Vernon.-Memo. No. 21, " Health of Munition Workers' Committee." (12) Iron and Coal Trades Review, Feb. 6, I920, p. 174. b-ILLUMINATION IN COAL MINES-SOME OBSERVATIONS By H. S. ELWORTHY, F.R.C.S.
EBBW VALE, MON.
To illuminate coal mines satisfactorily, what is required is a safety lamp that will give sufficient light, and of a suitable quality to enable the miner to work without getting the disease known as miners' nystagmus.
This is a disease of the nervous system, and not one of the eye only.
As mines become older, and the coal further away from the fresh air shaft, the air becbmes more deoxydised, and oil lamps give less light. It must not be forgotten t-hat if the air is so bad that a lamp will -not burn properly, it is bad for the man to work in it, and simply to provide a better light and leave him to work in bad air is not a complete remedy-it is only a partial one. The conditions in coal mines are different from those in any other occupation.
Tho colour of coal is nearly black, containing from 21 to 31 per cent. of white, and the slack is sometimes as black, but more often 'slightly lighter.
The colour relief is the average of these taken together. Here is a card showing the colour of one of our pits; it contains between 24 and 3 per cent. of white.
I will give three examples of conditions found in steam coal pits: Here men work in surroundings with only 3 per cent. of colour, or less, with lamps from 8 to 15 feet apart, giving from 0-1 to 0-2 candle-power, and where the coal only reflects from -half a thousandth to a four-thousandth part of a foot-candle, and that light appears as small glistening white or bluish-white specks. No red or yellow is 'seen. The roof in some places is black and glassy, and is faintly radioactive. Here is a photograph taken by placing lead letters on a plate, and the piece of roof resting on them.
If a man works 20 years with his head close under such a roof, it is just possible that it may have some effect on his nervous system, but I rather doubt it. Concerning nystagmus, a paper of mine was published in the British Medical Journal for November 19, 191.0, in which I suggested that more colour should be introduced into mines, and that the men should have more daylight; and in another paper, w-hich appeared in the Ofhthalmoscope for December, 1912, it was shown in the reprint that the incidence of nystagmus was inversely proportional to the chromophotic index of the mine, and that I had found no nystagmus when this index was as high as 500.
wash, or by colouring the roof, and we can alter the candle-power either by improving the ventilation or by introducing electric lamps.
So far colliery owners do not' seem to fancy introducing colour, and problems of ventilation are very difficult, so they prefer to increase the candle-power of the lamps.
In the Ebbw Vale collieries for the years 1909, 1910, and 1911 our percentage of nystagmus among underground workers was 0 71, the general percentage for South Wales was 0-17, and for the Anthracite Field, 0-019, so we had four times as much as the average for South Wales. Since then certain changes have been made.
A new fan was put into one mine, haulage engines are now worked by compressed air, so more gets into the mines.
Electric lamps were introduced in 1914, first the C.E.A.G., and these have now been replaced by the Oldham lamp. We have over 6,000 of them now.
In 1914 we had 0 73 of nystagmus, and the next year it had dropped to 0-22. Then the war came and "summer time" was introduced, and then shorter hours, so the men got more daylight. A number of our colliers went to the war, and their places were taken by new men who would not be likely to get nystagmus for years.
For last year, 1919, our percentage had dropped to 04, the general rate for South Wales was 0-28, and for the Anthracite Field 0 16, so we had less than half the average.
In looking over my papers for 1913 I find two calculations to determine the minimum candle-power required to bring two of our worst pits up to the safety margin, that is to say, a chromophotic index of 500, and in both cases the candle-power required was 0-9.
This coincides very closely with Dr. Llewellyn's results, as he suggests that it should be one candle-power.
But let me make it quite clear that when I say a miner's lamp should be one candle-power, I mean that the light that passes through the thick outer glass is fully equal to a standard candle. I certainly do not mean that the little electric bulb may give one candle-power, but when the outer glass is put on, the light is a good deal less. To call such a lamp one candle-power is misleading. Now, as to the quality of the light. With an oil lamp, one sees a rich yellow light with a tinge of red in it when in fresh air, but on arriving at the coal face, where the candle-power has becQme reduced, say from 0-5 to 01, a very noticeable change is to be seen. Although the flame is practically the same size, it has become distinctly paler. Part of the red and yellow rays have disappeared, and the flame looks pale bluish-white. On returning to the surface the yellow and red appear again. In places where the coal reflected a large proportion of blue, with this pale bluish light, I noticed a sensation of strain and discomfort in the eyes, but in places where the coal did not reflect much blue it was not noticed. In one of these bluish pits where the roof had been whitewashed for experiment, I and others noticed a distinct sense of relief to the eyes when passing under it.
The light that affects the eye of a miner is that which is reflected into it from the coal. That is the important point.
Experiments
In order to find out what rays were most irritating to the eyes, I got some light filters which roughly divide the spectrum into three equal parts, red, green, and blue.
With a small lamp in a dark box, a ray of light was passed through these filters, through an aperture 1 mm. in diameter, thus 'howing a small spot of light in a dark room.
Thirty people were tested by these lights. After looking at the spot of light for a short time, the visual purple in the retina where the light falls on it becomes exhausted, and the eyes unconsciously move in order to focus it on other parts of the retina and so enable it to be seen, and this is what happens in nystagmus.
These experiments led me to conclude that the red and green caused the most active movements, but in the case of the blue the spot of light quickly disappeared, to reappear and disappear again. It seemed to exhaust the visual purple more than the other colours, but caused less active movements.
If, however, all red rays were excluded by using a blue-green glass, or a methyl-violet filter, the movements were active, but the tendency to disappear remained.
In the case of a man who was rather subject to watery eyes, the effect was remarkable. The red and green gave the ordinary movements, but no trouble; but the blue brought on profuse lacrymation, and after about five minutes his lids were swollen up, and he looked as if he were suffering from a severe cold.
Another man experienced smarting in the eyes when methyl-violet was used.
It seems to me evident that the rays from the violet end of the spectrum-which may include ultra-violet rays-have an exhausting and irritating effect on the eye, and an excess of them is to be carefully avoided in any lamp used in a mine.
In cases of incurable nystagmus I have known men to suffer severe pain in the eyes and head for years after they had left work, and the pain often-came on at night, when they were not using the eyes, so they got up and tramped about the house because they could not sleep for pain. This did not seem to be due to errors of refraction, because supplying new spectacles did not cure it.
The condition must surely be brought about by something other than the mere working in a defective light. It seems suggestive of something in the nature of an X-ray or ultra-violet burn, and I have a strong suspicion that there is a distinct relationship between incurable nystagmus and the rays from the violet end of the spectrum.
In airway was partially flooded that day, so we had to go in by the air exit. While going in there was a fall of roof partially blocking the way, but a few hours before there had been a fall just before the last working place was reached, completely blocking it up. By the time we got there a small passage had been made large enough for us to crawl through with my apparatus.
Here the flame of the lamp was distinctly yellow, and from its appearance I judged it to be 0 4 or 0 5 c.p., but on measuring it found it was only 0,12. 'Yet the flame was not small.
On analysis it was found to contain blue 5,2, green 21'4, red 73A4, which is very much what it would have been on the surface. As you know, if a small oil lamp is turned down till it gives only say 0,2 cp., it looks bluish. Such a flame gave on analysis: blue 9 5, green 26'9, red 63,6, so that an explanation of the yellow flame seen in the mine can only be arrived at by knowing the composition of the air. In other parts of that pit the flame was pale. The presence of certain gases may have something to do with nystagmu,s. Much research is required before we can profess to know all about it, and very great care should be taken in illuminating, lest a light be introduced which for a time seems beneficial, but which in the course of years may easily result in a greatly increased output of nystagmus of an incurable type.
We have found that the cost of running the C.E.A.G. lamp runs out at about-taking the whole of the costs from the beginning, for the last six years---1.29d. per shift, which we regard as a very-reasonable figure, seeing that it was much lower in the first years, as the cost of labour and materials has latterly gone up considerably.
If you gentlemen were called in to improve the lighting of a room with a very dark and dingy paper, I think the first thing you would do would be to order a lighter one, that would reflect the light better. It is the same principle in coal mines. If, instead of working with a tenth of a candle power in coal, the men were working in chalk, there would be no nystagmus. They would have a better illumination, because chalk reflects, say, from 90 to 95 per cent. of light, but coal less than 9 per cent., so that in chalk the tenth of a candle would be equivalent to more than a full candle in a coal mine.
It is not so much the amount of light thrown on the surface that matters, but rather the amount reflected back, and. that is why I hold that the cause of nystagmus is the absence of colour in coal, because, for that reason it does not reflect back the light. (It only reflect as much as it does on account of its crystalline strccture.
If it were not crystalline it would only reflect from 2 to 3 per cent. of light.)
The three things I want to see introduced into coal mines are: (1) colour, (2), more fresh air, and (3) I take it he thinks the air in the mines has some influence in the causation of the defects we are here to discuss. I think, however, it is probable that it has nothing to do with the question of nystagmus. The air in mines is extraordinarily pure, as a whole; a miner works in an extremely gbod climate, as a general rule. If you analyse the air at the working -face in an ordinary well-ventilated mine-as nearly all big mines now are-you will find the air extremely pure. There is often, it is true, some fire-damp in the air, methane instead of nitrogen, but it seemed to be the same as ordinary air, in my experience, except that one's voice was altered a little. I was quite happy in it, and I kept animals in it for quite a long time. It is an indifferent gas, like nitrogen. I do not think we can blame the air in mines with regard to this condition, and I think it will be well not to.complicate the problem by introducing it.
I came really in the hope of hearing something from the Chairman, and others too, perhaps, on the general nature of nystagmus. Then I would like to say a word about the flame lamp. The possibilities of improvement on the present lines are limited in that too, I think. We have lamps now which will give anything up to 2k-candle power, but necessarily, I think, those lamps are more complicated in design than the old simple Mueseler, and more liable to go wrong, as well as, in certain circumstances, more liable to go out. There is also the rather serious defect of liability to over-heating. Again, the size of the lamp is limited, and with the more perfect combustion of the oil, which is contingent on a better light, the over-heal ing is a considerable difficulty to get over. Some of the experimental lamps we have now got in hand get so hot that, after they have been burning a short time, especially in sluggish air, they are too hot to be held. Of course, there may be possibilities in the direction of using acetylene for lamps; there is no safe acetylene lamp at present.
There is only one other point I would mention, and that is one on which Mr. Elworthy lays some stress, and Dr. Llewellyn also mentioned it. I refer to the question of the reflecting power of the surfaces surrounding the lamp when the lamp is in the pit. The black coal face absorbs anything up to about 90 per cent. of the light, a very large proportion. Speaking in the terms of a fairytale, if that coal face could be turned into white coal, I think the electric lamps we have at present got would be amply sufficient. The question is-and it is entirely one for the practical men of the pit-whether it is possible, as an experimental measure to start with, to carry further the whitewashing which, I think, is carried out now in a good number of pits, to whitewash the pit bottom, and, perhaps, along part of the road. I know the practical difficulties are very great, but so also wouild the results obtained be very great. The effective illumination in the pit would be greatly increased by even a limited amount of whitewashing, more than by doubling the power of the lamps. It is a matter for the practical men to consider, whether there-is anything more they can do in that direction. give the maximum efficiency. In the particular case we had a narrow slit, through which the flame passed, and subsequently we opened the slots because we could not get the proper attention to the lamp in the lamp-room, nor could we get the miner to realize his lamp was worthy of a few moments' attention. I think there should be a little education of the miner in these matters from his own Federation. As they are considered to be skilled men, one would suppose they would be educated up to the essentials of their own trade. Taking 156,000 electric lamps, giving apparently one candle-power and 90,000 combustion-tube lamps, it leaves 499,985 lamps of other kinds in the country. One would think the number of cases of nystagmus would go down if better illumination is the principal remedy. But it has gone up from 4,500 to 6,000 cases, and since the war the cases are jumping up in number in a peculiar manner. When I heard this paper was to be given, I wrote round to our customers. We have 192,000 lamps; one-third of the lamps belong to us. We got replies from 136 pits, which have in use partly combustion-tube lamps, partly oil. Fortyone pits report no cases of nystagmus, 26 pits reported a reduction of cases of nystagmus, while 46 pits reported increases. But what astonishes me is the great variation in the numbers of cases, even at pits not more than a mile or so from others. I have 2,835 lamps in one group, and 90 cases of nystagmus are reported there. In another pit, within three or four miles, there are 1,058 similar lamps, and they have two cases of nystagmus. Take another pit, five miles from there: 2,477 lamps, six cases of nystagmus. Another has 1,100 lamps and 26 cases of nystagmus. There are other parts of the country where large numbers of lamps are in use, and the cases of nystagmus number only one or two, and I speak of identical lamps. If defective illumination is the principal reason, I cannot understand why the figures of nystagmus do not run better together group.bmj.com on October 20, 2017 -Published by http://bjo.bmj.com/ Downloaded from -why there is not a steadier proportion. My opinion is that there must be something besides illumination having a bearing on this matter, though illumination may be an 'important factor. Men I have spoken to who work in hot dusty pits express the opinion that dust getting up their nose and irritating the canals of the nose, affect the eyes, and this may be an important factor. One notices .how many people are wearing spectacles compared with former times. A manager who was at a local school said: " It is singular that in the school to-day the doctor comes and orders spectacles in -a large number of instances; but as soon as a man goes to the pit, he discards his spectacles, and one would think that was a fitting line to enquire on." In some districts, where the pits are hot, and the men come from their work soaked in perspiration, they Cridland has pointed out that many-of the cases showed a concentriccontraction, and that the fields for blue and red are more contracted, in proportion, than the white. For'a long time past I have carried on investigations into the visual fields in cases of chronic poisoning caused by the presence of pus, such as in cases of bone abscess, and I have been struck by the fact that in such cases of chronic autointoxication there was a marked concentric contraction of the visual' fields, and the field for colour was more contracted than that 'for white. So that the field in miners' nystagmus is the same as that attending poisoning due to other conditions. If the'.theory is true that nystagmus is a neurosis produced by chronic poisoning, how are we to explain the number of cases of nystagmus diminishing in the 'better-lighted mines ? I think this can be explained in the following -way:
The movements of the eyes' cause less inconvenience to the miner suffering from nystagmus under moderately good light than when the intensity of the light is diminished, or than when it is particularly brilliant. But, although these symptoms are less troublesome, the nystagmus has not disappeared. And this may also occur in the 'better-lighted mines. 'But the man still has nystagmus. 'This possibly may be explained by the fact that when he is not in the -presence of good daylight, he has to focus with the peri-macular region, and so-nervous disease comes in and upsets the balance, and ,so the nystagmus becomes more marked. Therefore when the miner who has nystagmus is supplied with a better light, he will be' able to carry on his work, in spite of his nystagmus, because I think it has yet to be proved that improved light diminishes nystagmus. All it does, I think, is 'to allow more men to go on with their work. A large number of men are continuing work now in spite of their nystagmus. Mr. Harrison' Butler (Coventry): It is unreasonable to expect the introduction of better lighting to produce an immediate reduction in the number of cases of nystagmus. Miners' nystagmus is a disease which may take ten to twenty-five years to develop, and if we are going to improve the lighting of our mines, it will be, -perhaps, ten years before the nystagmus curve shows a marked fall. Mines are, I believe, full of men with eyes in the pre-nystagmus stage, and to them, the introduction of a bright light will increase their nystagmoid indications at first. Because one of the early -symptoms of the condition we are discussing is photophobia; a man who has been working with. an illumination of, perhaps, one--tenth of a candle-power, will at once have to give up work if faced with a brilliant light, and this will make the improved lighting appear not to have any effect.
Dr. Shufflebotham has just said it is only this year that the .question of miners' nystagmus has received full recognition. But I would point out that as early as 1912, I introduced a discussion at the Oxford Ophthalmological Congress on the subject, and very many of us have drawn attention to the fact that the eye symptoms are only 'a part of the disease; it is a general nervous disease. And-I think owing largely to that discussion-the Government scheduled eye twitching as a disease, one which could be registered, and in respect of which the men could claim compensation as fornystagmus.
Dr. Harford (London): I have taken an interest in this disease because, during the war, I had medical charge of a Division in which were a large number of men from the mines of Yorkshire, Cumber--land, and Durham. And I have published,' in the British Medical Journal, a strong corroboration of the facts which Dr. Llewellyn has brought out this evening. I emphasized the opinion that it has been a misfortune that this disease has not been sufficiently dealt with by the neurologist, apart from the ophthalmologist, And, on looking at the text-books on medicine, it is remarkable to find such an important disease as this hardly mentioned in some of them. I have received from Dr. Christie Reid, of Nottingham, a letter in which he gays he was much struck, when in the mining district of North-Eastern France, with the complete ignorance of the disease, though, from conversation with the miners, he ascertained that their methods of getting the coal were much the same as ours. He wrote, on his return, to the Manager of the Briey mines, and he replied that many were familiar with the disease, but since the introduction of electric hand lamps the disease has been elim"inated, and is now practically unknown. And he says, " Why can't our colliery authorities do likewise ?" He speaks of his attempts to get electric lamps introduced into the Notts. and Derby coalfields, but the only result has been to secure that a few individuals with severe nystagmus shall have electric lamps. 'That is tinkering with the matter.
I have not had the advantage of dealing with this subject on the spot, but I have carefully studied the literature of it, and I have no doubt the condition is due to faulty illumination chiefly. Still, as one speaker said, there are numerous subsidiary causes, especially the fact of apcidents occurring to the head, quitc apart from the defective eyesight; also the other conditions which lead to impaired health.
The most important case I had to deal with was a man who apparently had got into the Army in the ordinary course, having passed the tests. When he came to me, however, he was a hopeless invalid. The sight of this wreck of humanity in the hospital convinced me of the great importance of the disease, and impressed me with the fact that every one of uswho takes the least interest in it ought to use every possible influence to get the matter group.bmj.com on October 20, 2017 -Published by http://bjo.bmj.com/ Downloaded from dealt with. And it has been clearly demonstrated that illumination which is sufficient is the great point. As to why we should sometimes get results which are apparently contradictory, I would point out to those who are not medical men that the diagnosis of different diseases is not an easy matter, and that difficulty is present in this case. There are, I think, many people who are suffering from the disease in a variety of forms, but whose case is never diagnosed. We know of more cases than previously because there is now greater interest aroused in the subject, and, as more are acquainted with,the facts, cases are more generally recognized than formerly. And, as has been said, statistics may not at once show the benefit of the reform. I think there should be such attention devoted to this matter that it should be considered as much a reproach to have a case of miners' nystagmus as it is for a match maker to have a case of " phossy jaw." When the submarines were making havoc no one said, or was allowed to say, " We cannot deal with these submarines." The Navy expert said, " You must deal with them." And now that we have this disease (miners' nystagmus) having such a tremendous effect on the men, it ought to be imperative for reform to be taken up; and I hope a result of this meeting will be that very strong action will be taken to deal with it.
Mr. V. V. Pass: In reference to Dr. Llewellyn's remarks concerning the need for lamps of 4-candle power, I think Mr. Fudge pointed ouit the chief difficulties which stand in the way of that. From some sources we have the statement that the present lamp is safe, from other sources it is said it is not. In regard to a 4-candle power lamp, the weight is the main difficulty, but if a satisfactory electric bulb could be got, such an electric lamp would very much improve matters. We have got over 67,000 lamps -in the South Wales district, and the greatest punishment you can inflict on a miner who has once used an electric lamp is to make him use an oiL lamp, even if it is only for a day.
Mr. G. H. Pooley, (Sheffield): One point to remember is, that the miner usually goes on working until the last moment that he is capable of doing so, because he likes comfort, and does not want to have to be content with a sum which is about half his regular wage. Hence many miners continue working although they know they have nystagmus: they work until they virtually drop at the coal-face. We all realize that this is a very complex problem; it is not just one single factor which is at work. I think Dr. Haldane hit off the trouble when he said it was due to the miner trying to see his work under disadvantageous conditions. This difficulty in seeing may be due to any of a number of causes; to some error of refraction, to some dust in the mine, to inhalation of coal gas. But the most important thing is, that he must have light to see with, and obviously, our first duty is to increase, in every possible way, the illumination at his work. Although Dr. Llewellyn's figures seem to show that if you increase the light by half a candle power you can cure the nystagmus, I do not think I can follow him as far as that. Still we must increase the illumination.
The practical point seems to me to be, as Dr. Mlewellyn said, the portable light, a head light preferably, which the man can direct on to his work, and increase the power of that light by the provision of adequate reflectors. We increase the light-power of our motor lamps by reflectors, and to an extraordinary degree, and, instead of having lamps which distribute their illumination in all directions, we ought to concentrate it. I think that must be the key-note in the mining of the future.
Mr. N. Bishop Harman (London): Dr. Llewellyn showed an excellent head-lamp arrangement, but I would like to ask how far is it safe ? He knows the rough usage these lamps are submitted to in the miner's hands. Lamps should be severely tested in the testing department before being used in a highly dangerous mine.
With regard to the weight, everyone has talked about the development of the electric light on the lines of the filament.
When I was at the Cavendish Laboratory, Cambridge, we were shown a vapour lamp which gave a lovely light; it could be looked at as long as one liked without injury. And we have seen the other extreme, the mercury-vapour lamp. Why cannot the engineer get us a lamp of that sort? Nothing will convince me that the mercury-vapour lamp can be looked at comfortably. Surely there is an electrical genius who is able to do something in this way for the miners ? I confess I have been quite disappointed at the tone of this discussion. I had expected to see this evening demonstrations of improvements which I had hoped might by this time have been achieved. We have now learned the reasons why there are not such: there is still debate as to the cause of the condition. But surely, since Sir Josiah Court wrote, there cannot be any doubt; his papers on the subject are most convincing. And it has not been disputed that in mines where the safety lamp is used, nystagmus is most prevalent, and where it occurred in the others, the victims were those who had previously been working in dangerous mines. On the continent this fact was recognized, and it was attempted to give the credit to one of their own countrymen. You have heard what Dr. Harford said, and that is no doubt confirmed by what occurs in other countries too. Cannot somebody start a research with the object of producing a golden-vapour lamp which can be produced by a small battery, one which, though of small weight, shall yet have sufficient illuminating power ? If you can do that, it seems to me that the problem is solved.
Mr. Leon Gaster, Secretary of the Illuminating Engineering Society: We have a series of other interesting contributions, which will appear in the Illuminating Engineer.
I wish to thank the exhibitors for their kindness in showing us their further developments. The effect of Mr. Fudge's remarks is to increase the encouragement the Society feels in seeking further co-operation on all points connected with light. The Home Office has shown a keen spirit of co-operation. If we can show that it will be useful, the Mining Department of the Home Office will take advantage of any assistance offered. The idea of forming a Joint Committee has already been mooted, and I hope to convene such a Committee.
Dr. Lister Llewellyn (in reply): I want to call the meeting's attention to the fact that when the meeting started two oil lamps were lit. They are now both out, yet they have not been touched.
I would insist that the standard to aim at is to get a light in a safety lamp up to the standard of that in the naked light pit, and to do that, you must have either a 3-or 4-candle power lamp, or bring the light nearer to the coal face which the man is working on. If you do the latter, on account of the great law of inverse squares, you increase the light used in a manifold degree. I think the 
